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[Am 
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aVE.*]]^*]-^ T'flsflAlE] ^-^^{A method for forming a capacitor of a 
semiconductor device} 

S. 2a S. 2cfe ^2fl7l^^l c]-^- -^Al^ofl ^ ^fl^AlE^ A> 

#H-§- ^WHfi ^-E. 

11,21 : ESE cf^^^s]^, 

13,45 : ^-g- ^rSl-^ 15 : ^i^t^Sr^- 

17 : ^^Vs^s}-^ 23 : ^^Vs^- HfSiOx 

25 : Hf02 ^ 27,51 : #e^lH^^- 

31 : ^l}H<£ u -\ 33 : ^^^^ 
35 : §-^#^ZL 37 : 

39 : *H V #^ ^ 

41 : a^SL^, i£i£il 44 43 : -fr^m 
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1 

47 : Al-eJ*l Hf02-Al203 £tH*} 
49 : Hf-Sl^l Hf02-A1203 

<17> ti}H^]^47> J7^5}£H 4 37)7} ^^ollnq-e} a^^S] ^SpRr 

^■g-W tSr^}7]7\ ..°\$%X]lL &t}.- 

<18> . M-t] , ^ £o) 5}U)-^ SLi H^l^^} 7fl 3fl A] El S ^ ^ 1=) ig . 4l*}fe ^ ofl 

*| *}*l*Kr 7fl3llA]B^ ^-fH^ 3.7]} 7 A°) ^ 

<i9> -L$*\, (eo x er XA) / T #7l eo ^ ^*-fr^"ir, A o v 7l er £ 4r3l^ 

3 -fr^-i:, ^7l A ^^-^^-^ zLeJji #7] T tt -f}#^ ^1) 3. SAl^fe 

7fl5l]AlE^ ^-g-^ C » ^7}A]7l7l iflSH, -B-^^7} ^ #^^r -fr^^l^S A} 
# A}-g-*}^C}. 

<20> 5)5-^1^, #7) 7U>^^^ £^3^ ^7}A]7l^ ^Jl5L #?lM*i 7fliflA) 
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0.12 j^m V|£}o] ^^^11-^1 Jl^H MIS ^2z<%*\ -B-^i^l^-^ 

a>-§-^ W#<^K V £ 28 A o)is}cn Tgg. A>^nv ^.xy ( Tox> 0xide Equivalent 
Thickness ) 1- ^iL^-7l <>H£ 014. 

> 

<22> £ 1# ^7] ti>5L^7l^(£Al 01-^)0] ^^>«-^ ^(5^1 <?>^ ) , 3 

^^(HAio>^ )t ^HaHlCE^^), HlB^(^l^) 31 *]#3^-g- 

<23> ^l^tf-M ^^^-8- ^4(5^1^)^ °H, ^71 #3^(51 

^71 *1#*l^-g- ^^-(HAl^)-g- #71 7^^ ^#sja(HAl^> 

^)7> T^o)] £#S)fe 7U>^1# ^/M". 

Aj^-g- £Aj^£- £H£ ^^^^Sl^-^dl)^ ^^^4. 
<26> a o V 7 ] ^^-^ ^^(caIoV^)^ nfl^ir ##^(5^1^)^: ^S^-SHM! ^ 
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<27> #7] /l-^-nKiAloViJ)^- *\}7]^SL£.*] ^7} Z]^^ 

^f^sKKlS):^ £E£ tf^^^Kll)^ ^l^l ^&l€-^2KKl3H <8>£^4. 

<29> Aj-y] ^iff-Aj^^o] ^ Xy± 7g^^ t]\^}7] N20 SEtt 02 <H<=|^ 

^^^^(17)o) #7} ^B]e<M^SKHl7)# ^##5^ 

(15)S] ^V5)-°| ^ ^7} 28 A ^1 ^EM 0.12 IM ^\7}0]^.6\) 7fl5})AlE^ ^ 

<30> n]-^, alJE^iT^ 37.;*] Ajst-ofl ^§.*V 3 ^L^l ^^^\ 

^7H^°> i*}^ JIL^^-* ^^Tfl *}ZL ZLofl ttfS. 4,^- 
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<32> 51 2a^r ^Sl^MJ- H^f^ -SL^-H 4^ ^3 ^(21) ^ 0 H1 

Hf02 4(25)# °1# <^^H -R-#*Jl«Hr 4^-, B ##(27)# 

<33> olnfl f a o V 7 ] o]^ a1- 7 1 Hf02 dV(25)3]. Cf ^ Ajg] ^(21)^ 7^ 

^1 ^^>5K 2^ HfSiOx ^(23)°1 -fr^l 1 ^ #^%^r 

<34> £. 2b ^ £. 2c^ AES (Auger electron spectroscopy) (Depth 

Profile) ^sjE-H Ar °l-g-^H a]tM- 

H^ltr 3 S>.3L*\ , ^tVo] ^7}^-oil rej-e)- wvnv^ ^3. (bulk) #^7}^ 

3# ^^ll-^cf. °^7)>H, 47] (intensity) ^ AE (Auger electron) ^ ^7l# i^ifl 
tt 3*0.3. ^7l7> H^-fe 3£r t^°l 3^ 

<35> Aj-y]^ y].^ £0] ^Efl7]#^] Ufa. ti}£^|^7>^ 7fl3l)A]E^ *§W3'£, ^^^1^ 

^£ ^ T^l* -fM^l A>-g-^7l o]^7\) sl-JL, Hf02 

^ A}^}^ (^^^ X-]-^^ *M$<>\ -f^#o] 7^|-£]<H 
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It^°l ^jM- 7) #3 4*11 J 

<36> £ ^o. ^. 7 1^ y)-^ ^7^0} Sfl^^l ^ 

^ X J4, 

% ^ *Rr ^4, 

* i 

< 41> A oM T^^-g- 47]*}^ ^4, 

<42> a>71 -fr^H^M: Al-e)^l Hf02-A1203 Hf-e^l 

Hf02-A1203 2jf?2i H^Vfe ^4, 

^ 34, 

<44> . a o v 7 ] T^v^-g- AVsl-cq-cq ^ : H202 : H20 = 1 : 4-5 : 20-50 
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<45> a o v 7 | ^^q-fc ^ jg.^ HF ^ BOE -g-^ °1-§^H *U V ^4 

S.^ ^M-O. RTO <n-g-^H 8 ~ 15 A ^^-^ ^ A ^Kr 34, 

<46> Aj- 7 | Al-eJ^] Hf02-A1203 ^f-^14 Hf-£)*1 Hf02-A1203 44 5 ~ 30 A 

^ 10 ~ 100 A S\ ALD y o>^ $ Wfe 34, 

<47> ^-71 Al-el^l Hf02-A1203 ^W4 Hf-el^l Hf02-A1203 -^t^ Al ^ dt^iS. 
A1(CH4)3, Hf ^ iiiS HfC14 -L^JL 0 ^ H20 , 03 , 02, N20 # 

02, N20 Plasma » , Al (pulse), N2 (purge), H20 €^ ^ N2 3] 

4^ ^r^lM- (A1203) 4 1 a}o]s ( cyc ie, o^HH cy 5} ^) 3_ 

Hf ^ (pulse), N2 (purge), H20 %£. ^ N2 444 ^ § Hf02 4 1 cy S 4 

. -§-^Rr ALD *&*8°-3, f^Rr 34, 

<48> av 7 i Al-e)A] Hf02-A1203 ^44 Hf-4*1 Hf02-A1203 ^4£r 150 ~ 600 °C 
-Et^H ALD it^- CVD ^^Rr 34, 

<49> Aj-7i Al-44 Hf02-A1203 ^44 Hf-el^l Hf02-A1203 

<50> Hf 4 dt^S HfC14, Hf[N(C2H5)2]4, HF[N(CH3)2]4, Hf [N(CH3)(C2H5)]4, 

Hf[0C(CH3)3]4, Hf(N03)4 ^ °1^-44tt ^4 °J44 4-§-*r 

-2, #7l 0 ^ ii^S H20, 02, N20, 03 ^ °l-i-4 ^0.5. <^i=Lo^j^ ^°fl4 ^ 

tl7Hf Af-g-^ ( HF 1^, N2 44, 0 €^ ^ N2 44» Hf02 4 1 cy S a[ 
-g-^Hr ALD U c v ^^-S. 34, 

<5i> #7] Al-s]^l Hf02-A1203 -&44^ Hf : Al = 1-9 cy : 1 cy ^44tt 

34, 
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<52> 4I-7I Hf-s|*l Hf02-A1203 Hf : Al - 2 -9 cy : 1 cy f^Vfe 

<53> # 7 j g^e) 500 ~ 900 °C ^ 1^7]-^ ^-^71^1^ 1 ~ 10 

<54> a o > 7 ] 500 - 900 °C ^r£^) ^rii, Hi 5E^ N20 7}^ £^7HH 

10 ~ 60 ^.^v]^ (furnace) . ^4«>fe 7 AA, 
< 55 > # 7 ] XaN, TiN, WN, W, Pt , 4^^^ 

^ oll-S] S^ilS. ol^^l $ofl^ aJbb^ sr].q.^ ^ CVD ^^fe *4^g- 

xlll-^o..?. ^tf . 

<56> CE«V, o)A>o] J2-*j.g. ^47] ^«fl # ^ofl tilS^l^x]-^ 71] 31] A] Ef ^ ^ HV 

<58> ^^^-0.5. # 7 ] ^^-g- ^iS}-BT-# ^7] ^ 

E«#eiZLl- t#A]7lfe ^*Rr 
<59> A o l- 7 l 7^>^ ^^#^^1 ^3^r 7U>^^ ^*Rr #7] *\%^ ^ ^ 

<60> Aj- 7 ] Xf^-xl^-^. Aj.jrj.uV.g. ^T^Hr 

<6i> Aj-y] t^V;^^ o.^iDKg. A1 ^^ Hf02-A1203 ^^"^5. D^Kr 

4, 
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<63> t£*h ^-i- ^^>7l 4<sfl £ ^ofl 4^ SKE*^*}^ 7flsflAlEi ^ 

ta > 

<64> ^^]ZL7\ ^til^^ ##^4 Aj-tLc^l X-HV^-g- ^<5Kr 

<65> ^H^^s ^-£4 #7l 7i#^£ ^M^M: -^4*H #7] *R V ^ § 

t#Ai7l^ ^^-^ <3<3# ^2]*Rr 

<66> ^-7] ^-^^e^ofl ^5]^ ^ A ^Rr 7i^-^ ^ofl 

<67> ^-71 xH^^-g- ^^-^ *U7^Kr 

<68> -f^flnKg. o^ujufS. f^Hr ^^4, 

<70> *V^ ( £ ^4. 

<71> . f^7)#o)H 4-8-^ Hf02 4# -H-^^l^S 4-§-*Rr ^-f -ft^fe ^-B-^'-i: 

<72> ^^o) o^Djvj (A1203)» ^7}*H Hf-s)*l Hf02-A1203 -£^M- -H-*!^ 

*}-§-?H -fr#^§- 50 sl^m 3}£ ^MH?!^ 3H4. 
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V .... 

<73> HL*h $7} <£#-*14* %7\nSL 47]$*} ^-^^t *W4?1 $j*H 

Hf-sl^l Hf()2-A1203 4^3^ ^l^l Al-«1*1 Hf02-A1203 

<?4> >g?J^&s^a£4 #3^1 ^nlM-7> ^ ^4 ^1 Hf -el ^1 

Hf02-A1203 ^^"^^ 4£4^^3 ^*fl*Hr -MStfSWfr Wl 

<75> nj.gj.Xl, 4^44e]^4 4^1 Al-e|*l Hf02-A1203 Hf-el^l 

Hf02-A1203 ^$-3- <I*1^H *R4^rf-§r *fl4t^-*l 

0.12 jan rj^oll-^ tiV^li.^ jl^sHI 33**g: Sfe « 

AjEil- ^4^ v -t- 4fe 3W4. 

<76> OjSf, ^Jf^ ^"JLS. *H £ 44*1 4^44^ 44- 

<77> £ 3a ufl4 £ 3f^r £ 44<"H 4# te*H^4^ 71N43 ^44^ ' 



<78> £ 3a# #2^}3, 4?1 ti}£^7l^(£4°J:^)^ ^4^4(^14^), ^ 
^oj^cAj^), $]£eKKH4<M) ^ ^44(5^14^)7} *§44 ^£^(31) 

# ^44. 

<79 > Aj. 7l #^^^(31) 4-^1 444^(33)4 ^444. 

<so> 7144^- ^n}ia(^l^)f 4444^4-2.^ 4^1 ^4^4(31)^- 
44^H *i444 °1* B fl^H^ £4^3- 7i44^ 

(35)1- *§444. 



1020020087079 



^ 2003/5/23 



<81> 



3b 



m. SW^^HM 4#44-g- #SW37)-8: °H, 4 



71 tf*W37)* ^ 4^4^44 ^ 4-§-4tr W 4« 



Ol 

A*. 



4 



<82> 



3c* t^V^, 4444 4444^4^ 44 4444-|- 



4^(39) 



444(37)^ 4444 44 444^ ^€4^(35)1- t#44^ 444^ 

a °H. 4?1 4444 <3*H39)£ 4^1 ^€4^(35)7} ^133 



4 *H v 44-g- 44-4(37)^ 11444. 



<83> 



3d* 44 4444 <34(39)# JLW 4*H£44^M1 



<84> 



44^44^1 44-4(£44^ S^ul W 444^ 4^4(37)4 



4 



44 WW WW 444^ <34(39)4 

n> ^ *]44^# ^1 see 414^4^4(41)<UL ^444. °H, 44 444 

4444^4(41) 3^1 4^ 444^4^4<£44^ ^ 



£ 44 



544. 



<85> 444, 4?1 



4 



£E n 44^44^(41)4 «HM§ 4444^4^ «13 

1-4 ^£S£ 444 ^\3- 44 <£5L*L!E 4444^-Ht 



444*5L4 4^ 44444^44 4^14^ 4444*5L 4444. 



<86> 



3e- 



44 4444-S- 43-4(37)* ^^43 44444 44 



4 -§-44 ^114 tb4. 



V> 7 > 
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<87> NH40H : H202 : H20 = 1 : 4-5 : 20-50 ^ 2^1* £^ 4?1 

4# *fl3l*H 3 ~ 5 A *f-v\)$\ 44 #44^1: ^444, HF BOE -g-^# 

°1-8*SH ^444^1 RTO °]-g-4°i 8 ~ 15 A ^f-TflS] 444 

^ *H44. 

<88> ^^S^W] -^-^^1^(43)^- $^$4. °H, 4?1 -n-4*)14(43)£: *j444<y 

44^4&|-g-4(41) X4°fl Al-el^l Hf02-A1203 ^44(47)4 Hf-5^1 
Hf02-A1203 ^44(49)^8: £ 4 *l -°- ^- 3 #4^ °1» 1*1 e^H ^4 3H4. 
<*l7l4, Aj- 7 | o.^^| s^(43)^. #7l Hf-S]^] Hf02-A1203 -£44°-^ ^1^-<^^1 4^°-S. 
^4 $14. 4?1 Al-^^1 Hf02-A1203 ^44(47)^ ^r4 4-r u l 4-vl tfl4 ^ 

^4 -r-^- 514. 

<89> Aj-7] Al-sl^l Hf02-A1203 ^44(47)4 Hf02-A1203 ^44(49)^ ALD 4^ 

-§• 0 ]44<^ 44 5 ~ 30 A ^ 10 - 100 A ^?)]4^ 4W4. 

oo> ^-7] Hf02-A1203 ^44(47)4 Hf-^*1 Hf02-A1203 ^44(49)£r Al 

A1(CH4)3, Hf HfC14, :iu}i. 0 H20 , 03,N20 ^ 02 #4^4* 



444^, 

<9i> Al 1^ (pulse), N2 s)4 (purge), H20 ^ N2 2]^^ 1HM4 

(A1203) ^ l C y 3. 4-§-4^, 
<92> Hf f ^ (pulse), N2 (purge), H20 ^ N2 Hf02 ^ 1 cy 

£- 444°^ , 
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<93> 150 ~ 600 °C *$$\o\)x] ALD #7] ALD CVD # 

<94> 5Eth ^7} Hf ^.2.^5. HfC14, Hf[N(C2H5)2]4, HF[N(CH3)2]4, Hf [N(CH3)(C2H5)]4, 
Hf[0C(CH3)3]4, Hf(N03)4 ^ ojs.^ ^o)]^ aIbs^ o]o)o) *V7M» a}-§-£} 

■ 

f 

31, #7] 0 ^ ilriS H20, 02, N20, 03 Aj-g-<?]-a} HF N2 s^l, o €^ 

^ N2 2)^1- Hf02 ^ 1 C y 5. A>-g-^- ^ ^cf. . 
<95> ^y) Al-^^1 Hf02-A1203 ^^-^-(47)^ Hf : Al = 1-9 cy : 1 cy 

cf. ^-71 Al-sl^l Hf02-A1203 ^^(47) tflA] ^ £ ^ 

Hf-&1^1 Hf02-A1203 ^-#^-(49)^ Hf : Al = 2 ~9 cy : 1 cy «l-§-5. f^^t}. 
<96> a o v 7 ] 500 - 900 t £-^7HH 1 ~ 10 

<97> 500 ~ 900 °C ^r-E^l iEfe N20 7>-b £-^7HH io -~ 60 £ *\ 

Mi (furnace) ^H^^r. 
<98> ■ s. 3ft- ^7] -^-^^1^(43) ^°\] #3HB*1^-(51)# 

°H, A o v 7l -§3HB*i^-(51)^r TaN, TiN, WN, W, Pt , ^Mlf-, EE£ 
S]^- ^ ^€ fAS *§^*r3, CVD w o v ^A 

A]*! ZLSflHJES^ , ^-.^ofl ucf# Hf02-A1203 ~v\]7\ ^ 



• 1020020087079 %7\\ 2003/5/23 

^ g.T$°l\ Al-e)^] ^ Hf-e}*] Hf02-A1203 ^^Hr *j4MKn 1*1^ 

* • i 

t 

j 
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I^-T^ l] 

^71 ^71^ 

^-7] ^^"^^-^ ^-^l^M: Hf02-A1203 ^tN^ Hf-2l*l 

Hf02-A1203 ^^-ej-^l ^^-7i£^. tg^s^b ^3)4, 

2] 

4 v 7l tH v #^"§- 47] NH40H : H202 : H20 = 1 : 4~5 : 20-50 

* ■ 

4 1 91°]*], 
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A oM ^^-^-g- ^51-^ *\}7] HF BOE -g-^-i: °l-g-*H T^J-^sj 

a^-l: 4^^>S RTO #3 -i- *l-8-*H 8 - 15 A.nMI^ <|^*Hr ^o- ^ 

SLS. ^ tilS^l^l-^ sfl a] . 

^■71 Al-el^l Hf02-A1203 ^tl^^r Hf-e|*l Hf02-A1203 ^^b8r AA 5 - 30 A 
% 10 ~ 100 A 9) ^)S. ALD °]-g-<sH ^«Hr ^ ^SLS. ^-tt 

[$^*<t 5] 

*ll l %H1 &oH, 

Al-el*l Hf02-A1203 ^t^^r Hf-e|*l Hf02-A1203 ^^8: Al ^ iiil 
A1(CH4)3, Hf 2] di&^S. HfC14 n^SL 0 .5] iiiS H20, 03, 02, N20« 4-g-^7]4 
02, N20 Plasma 1- , Al (pulse), N2 tfx] (purge), H20 lli ^ N2 *\A 

2\ ^^lM" (A1203) 1 (cycle) S ^>-g-5>ji, Hf (pulse), N2 

(purge), H20 €^ ^ N2 ^^1^ ^-^^ Hf02 ^ 1 A>o]3. ( cycle ) ^ a}-§-5]-^ 

6] 



V 
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^7} Al-6^1 Hf02-A1203 Hf-B]*1 Hf02-A1203 150 ~ 600 °C 

ALD lEfe CVD »^SL$. ^^Kr s-^^-S. <5>fe 

7] 

4 l %hi sa«H^, . 

#7l Al-e^l Hf02-A1203 Hf^*| Hf02-A1203 

Hf 2] iiiS. HfC14, Hf[N(C2H5)2]4, HF[N(CH3)2]4, Hf[N(CH3)(C2H5)]4, 
Hf[0C(CH3)3]4, Hf(N03)4 ^ o^o}*]^ <y ^Mf A}-fr*j- 

■ 

JL, #7l 0 ^1 H20 , 02, N20, 03 ^ ol^^ S^S. ^oH^ Ai 

ens) t>7Ht a|~§-^ t HF N2 ^1*1, 0 I4i ^ N2 3)^1- Hf02 ^ 1 aH^s. 

^1 l %H1 

4>7l Al-s]*l Hf02-A1203 ^^"^-8: Hf : Al = 1-9 cy : 1 cy f^*]-^ 
i^^r 9] 

^1 l *<N sa<>i*i, 

.^-7] Hf-El^l Hf02-A1203 Hf : Al = 2 ~9 cy : 1 cy f 1 ^-^^ 
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[-4}-T# 10] 

A o v 7l l^S] 500 - 900 °C *k£.A^ ^r^H^ 1 ~ 10 

[^•7^ Hi 

*ll 1 %H #<H*1, 

A o V 7l 1*13 ^£ 500 ~ 900 °C ^rS^ ^ i^xr N20 7>i £^7HH 

10 ~ 60 -g: -§-°J: 55j (furnace) ^l^Kr 3# *Rr ^>5.^ll^>^ ^ 

■ 

l^-T^ 12] 

*ll 1 %H1 5A«>H, 

A o v 7l #^o]e^^ TaN, TiN, WN, W, Pt , 5L3L— 43 «1 
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